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ABSTRACT 


Hits  report  describes  the  Acoustic  Tracking  System 
to  be  used  during  operation  of  the  Atlantic  Undersea  Test 
and  Evaluation  Center  (AUTEC)  Acoustic  Range.  The  system 
is  designed  primarily  to  track  a  submarine  relative  either 
to  a  floating  vertical  array  (MDNOB-I )  or  to  a  bottom-mounted 
fixed  array  of  noise-measuring  hydrophones  (AUTEC). 


I.  INTRODUCTION 


The  Atlantic  Undersea  Test  and  Evaluation  Center  (AUTEC)  Acoustic 
Tracking  System  (ATS)  was  designed  primarily  to  track  a  submarine  rela¬ 
tive  either  to  a  standard  portable  array  (Fig  1)  or  to  a  bottom-mounted 
fixed  array  (Fig  2)  of  noise-measuring  hydrophones.  It  is  the  Navy's 
intention  to  use  the  tracking  data  to  assist  in  obtaining  noise  measure¬ 
ments  of  submarines  during  test  conditions  and  to  aid  the  navigator 
when  operating  in  the  vicinity  of  the  array. 

The  AUTEC  Acoustic  Tracking  System  (ATS)  was  conceived  by  the 
David  Taylor  Model  Basin  and  the  tasks  of  design,  manufacture,  and 
test  were  awarded  to  International  Business  Machines  under  the  cogni¬ 
zance  of  the  Bureau  of  Ships  and  the  Taylor  Model  Basin. 

General  requirements  for  the  system  were  as  follows: 

1.  The  active  mode  of  the  system  must  be  capable  of  automatic 
or  manual  shutdown  during  the  acoustic  measurement  period.  When  in 
the  quiet  zone,  the  laboratory  ship  equipment  can  continue  generating 
range  and  bearing  outputs  for  use  in  the  magnetic  tape  instrumentation. 

2.  The  system  must  be  capable  cf  operation  with  a  mobile  hydro¬ 
phone  array  or  with  a  similar  array  mounted  to  the  bottom. 

3.  The  entire  system  must  be  capable  of  operation  In  a  State  2 

sea. 

4.  All  underwater  components  must  be  capable  of  operation  under 
the  following  conditions: 

a.  Pressures  up  to  1500  psi. 

b.  Prolonged  submerged  periods  without  the  necessity  for  repairs. 
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Figure  1  -  Standard  Portable  Array 
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Figure  2 


Autec  Bottom-Mounted  Array 


1.  Submarine  mounted  elements  up  to  6  mo. 

2.  Array  mounted  elements  up  to  5  yr. 

5.  Range  Accuracy  -  The  slant  range  errors  must  be  less  than  3 
percent  of  the:  range  for  horizontal  ranges  greater  than  100  yd. 

6.  Bearing  Accuracy  -  The  errors  in  submarine  bearing  must  be 
less  than  +  2  deg  for  the  area  external  to  that  bounded  by  horizontal 
ranges  less  than  500  yd  and  bearing  angles  less  than  +  15  deg  from  the 
Y-axis  about  the  coordinate  origin. 

II.  DESCRIPTION  OF  SYSTEM 

The  ATS  performs  measurements  of  the  time  required  for  an  acoustic 
pulse  emitted  by  an  underwater  projector  on  a  submarine  to  reach  two 
hydrophones  which  are  separated  by  a  known  or  measured  distance.  It  Is 
assumed  that  both  hydrophones  are  in  a  plane  parallel  to  the  surface  or 
that  the  tilt  of  the  plane  with  respect  to  the  surface  is  known.  (See 
the  Appendix  for  AUTEC  MATHEMATICS).  It  is  also  assumed  that  the  depths 
of  the  tracking  hydrophones  and  the  submarine  are  known.  Slant  ranges 
(Rg),  horizontal  ranges,  (Rjj),  and  bearings  (©)  of  the  submarine  relative 
to  the  tracking  hydrophones  can  be  computed  from  a  knowledge  of  the 
acoustic  travel  times,  acoustic  velocity  of  propagation,  separation  of 
the  hydrophones,  and  depths  of  hydrophones  and  submarines.  From  these 
parameters,  the  X  and  Y  coordinates  of  the  submarines  can  be  obtained. 

Precision  real  time  clocks  on  both  the  submarine  and  the  laboratory 
ship  (which  can  be  synchronized)  permit  the  total  travel  time  to  each 
hydrophone  to  be  measured.  The  measurements  and  computations  are  per¬ 
formed  automatically  by  a  real  time  control  processor  according  to  a 
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stored  program.  The  stored  program  (on  paper  tape)  is  loaded  into  the 
processor  utilizing  a  paper  tape  reader  and  requires  approximately 
6  min  for  loading.  An  insert  mode  is  provided  in  vhich  parameters, 
which  can  change  from  run  to  run  such  as  depth  of  submarine,  depths 
of  tracking  hydrophones  A  and  B,  ping  period  (3»3>  6.67,  13*33>  and 
26.6  sec),  and  the  limits  of  the  quiet  zone  are  hand  loaded  by  means 
of  rotary  switches.  A  calibration  mode  is  provided  in  which  the  ATS 
system  on  both  MONOB  and  the  submarine  are  connected  to  FM  radio 
transceivers  to  permit  the  automatic  phase  calibration  of  the  real  time 
clocks.  Such  a  calibration  procedure  is  required  daily  and  is  auto¬ 
matic  upon  patching  to  the  transceivers  and  setting  appropriate  mode 
switches;  the  submarine  must  of  course  come  to  the  surface  for  clock 
calibration.  An  operating  mode  is  provided  which  permits  automatic 
tracking  of  the  submarine. 

Submarine  track  relative  to  the  tracking  baseline*  is  provided 
as  a  visual  display  on  an  X-Y  recorder.  Horizontal  range  of  the 
submarine  and  bearing  of  the  submarine  relative  to  the  tracking  base¬ 
line  are  typed  out  upon  request.  In  addition,  analog  signal  outputs 
proportional  to  horizontal  range,  bearing,  and  slant  ranges  to  five  array 
hydrophones  are  provided  for  storage  on  magnetic  tape  for  use  in  inter¬ 
pretation  of  noise  data.  T3iree  navigation  parameters  (horizontal  range 
to  array,  true  bearing  angle  to  array,  and  track  error)  are  communicated 
to  the  submarine  via  digital  acoustical  pulses  using  a  UQC  projector 
located  on  the  AUTEC  array. 

♦MOHOB  array has  a  tracking  baseline  of  300  ft  positioned  approximately 
50  ft  below  the  ocean  surface.  The  AUTEC  array  contains  a  fixed  tracking 
baseline  of  approximately  46  ft  which  is  located  1500  ft  below  the  ocean 
surface. 
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Additional  control  numbers  are  communicated  which  determine  a 


quiet  zone  when  acoustic  noise  measurements  are  to  be  made;  these 
controls  silence  the  submarine  tracking  projector  upon  entrance 
into  the  quiet  zone  and  provide  for  the  emission  of  a  single  pulse 
at  the  predicted  closest  point  of  approach.  As  previously  noted, 
the  extent  and  location  of  the  quiet  zone  can  be  set  by  the  operator 
prior  to  any  run.  The  data  communicated  are  also  displayed  as  an 
output  on  the  typewriter  on  request. 

Equipment  on  the  laboratory  ship*  is  capable  of  the  following: 

1.  Accepting  signals  from  two  tracking  hydrophones;  the  signal 
is  generated  by  the  projector  on  the  submarine. 

2.  Accepting  signals  from  five-  noise-sensing  hydrophones;  the 
noise  is  generated  by  the  projector  on  the  submarine  being  tracked. 

3.  Providing  a  calibration  technique  for  synchronizing  the  equip¬ 
ment  aboard  the  laboratory  ship  and  the  submarine. 

4.  Processing  the  signals  received  on  the  two  tracking  hydrophones 
during  the  period  when  the  submarine  is  pinging**  so  that  the  submarine 
can  be  tracked  relative  to  the  hydrophone  array. 

5.  Providing  the  following  tracking  information  to  the  below  listed 
peripheral  equipment: 

a.  X-Y  plotter  -  position  of  submarine  in  X  and  Y  axes  for 
every  ping  position  of  the  submarine  (once  per  ping  period).  The  Y  axis 

*It  is  Anticipated  that  equipment  similar  to  that  now  installed  on  the 
laboratory  ship  (MONOB  I)  will  be  installed  in  a  shore  laboratory  near 
the  site  of  the  bottom-mounted  array.  Connections  from  the  array  hydro¬ 
phones  to  the  shore  laboratory  will  be  by  multi- conductor  cable.  It  is 
expected  that  the  shore  laboratory  will  be  available  in  (calendar  year) 

1965. 

**It  should  be  noted  that  the  term  pinging  as  used  herein  refers  to  short 
pulses  emitted  by  the  tracking  equipment  Installed  on  the  SS-not  sonar  pings. 
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coincides  with  the  projection  of  the  axis  of  the  tracking  arm  on  a 
horizontal  plane;  the  X  axis  is  also  in  the  horizontal  plane  and  1b 
perpendicular  to  the  Y  axis. 

b.  Magnetic  tape  unit  -  position  of  the  submarine  in  hori¬ 
zontal  range  (Rg),  slant  range  (Rg),  and  submarine  bearing  (©)  relative 
to  the  array  approximately  four  times  per  period  during  the  course 
of  the  operational  run;  analog  signals  are  provided  corresponding  to 
the  extrapolated  position  of  the  submarine  relative  to  five  noise¬ 
measuring  hydrophones  during  the  quiet  zone.*  This  includes  (Rg), 

x 

(Rg)  tod  0;  0  is  the  angle  whose  tangent  is  y. 

6.  Extrapolated  data  are  provided  to  the  equipment  listed  in 

5. a  and  5-b  above  when  a  ping  is  "missed"  during  operation  outside  of 
the  quiet  zone.** 

7.  Submarine  navigation  information  is  provided  to  an  output 
device  for  transmission  to  the  submarine  over  the  UQC  acoustic  link. 

8.  The  following  navigation  information  is  provided  to  the 
submarine  during  every  ping  period:*** 

a.  RH  -  horizontal  range  of  the  submarine  from  the  array. 

b.  0  -  array  bearing  true  to  submarine  velocity  vector. 

c.  £.  -  lateral  deviation  of  the  submarine  from  the  desired 

track. 


*The  quiet  zone  is  defined  as  the  portion  of  the  target  ship' s  track 
during  which  the  tracking  equipment  on  the  tai^et  ship  ceases  to  piqg 
and  return  communications,  td  the  .tiirget  ship  Are  shtxt'off  in  order  to. 
avoid  interference  with  the  noise  measurements. 

**If  for  any  reason  a  ping  is  not  received  or  fails  to  activate  the 
processor  ,  the  processor  automatically  enters  the  extrapolate  mode  of 
operation  and  remains  in  this  mode  until  an  acceptable  ping  is  subse¬ 
quently  received. 

***A  ping  period  is  the  time  between  any  two  successive  pings. 
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d.  N  -  A  control  quantity  to  automatically  silence  the 
submarine  "pinger"  when  the  submarine  reaches  the  quiet  zone. 

e.  Ng  -  A  control  quantity  to  automatically  pulse  the  pinger 
at  the  point  when  the  submarine  is  closest  to  the  hydrophone  array 

and  also  to  automatically  energize  the  pinger  upon  the  exit  of  the 
submarine  from  the  quiet  zone. 

9.  Upon  operator  request,  an  automatic  written  record  of  constants 
used  throughout  the  run  is  provided  and  also  a  record  of  the  range  of 
the  submarine  to  the  five  noise- sensing  hydrophones  at  the  point  of 
closest  approach  and  at  the  points  when  the  submarine  enters  and  leaves 
the  quiet  zone. 

The  submarine  equipment  is  capable  of  the  following: 

1.  Providing  a  calibration  method  for  synchronizing  the  equipment 
aboard  the  laboratory  ship  and  the  submarine. 

2.  Providing  a  method  of  pulsing  the  tracking  projector  ("pinger") 
at  the  prescribed  time  intervals. 

3-  Providing  a  method  of  accepting  the  navigation  information 
from  the  laboratory  ship. 

4.  Providing  the  necessary  equipment  for  displaying  the  following 
quantities  to  the  operator:  range  (Rg),  array  bearing  (0),  and  lateral 
deviation  from  the  prescribed  course  (£). 

5.  Providing  the  necessary  controls  to  accept  the  quantities 
and  Ng  being  sent  from  the  laboratory  ship  to  control  the  "pinger" 

during  all  portions  of  the  trial  operation. 
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Block  diagrams  of  the  laboratory  ship  equipment  and  submarine 
equipment  are  listed  in  Fig  3  and  Fig  k.  A3  axis  geometrical 
presentation  of  the  coordinate  system  used  in  tracking  is  indicated 
in  Appendix  A. 


III.  EQUIPMENT  SYSTEMS 

The  equipment  supplied  as  part  of  the  acoustic  tracking  system 
can  be  logically  separated  into  laboratory  ship  equipment  and  sub¬ 
marine  equipment. 

A.  LABORATORY  SHIP  EQUIPMENT 

The  laboratory  ship  equipment  is  a  permanent  installation 
aboard  MONOE  I  (Fig  5)*  It  consists  of  a  processor  cabinet  measur¬ 
ing  2k  in.  wide  X  6j  in.  high  X  2k  in.  deep.  The  I/O  cabinet  and 
system  operating  console  measures  18  in.  wide  X  50  in.  high  X  2k  in. 
deep.  In  an  adjacent-  relay  rack  are  mounted  the  paper  tape  reader, 
typewriter,  5-mc  oscillator,  and  power  supplies.  The  plotter  is 
installed  or.  the  laboratory  trial  director's  console.  The  three 
units  of  equipment  are  installed  adjacent  to  one  another  at  one 
end  of  Laboratory  2  on  MONOB  I.  The  equipmenp  is  connected  to  a 
single  source  of  110  v  ac  and  requires  30  amp. 
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Figure  3  -  HO NOB  I  ATS  Equipment 
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For  utilization  of  the  system  with  the  AUTEC  array,  input 
connections  are  required  to  two  of  the  tracking  hydrophones  and  any 
five  noise-measuring  hydrophones.  System  output  connections  must 
be  made  to  the  MONOB  UQC  and  an  Ampex  recorder  through  the 
subcarrier  channels.  Another  system  input/output  connection 
required  is  to  an  FM  transceiver  for  the  purpose  of  phase 
cal ibration. 

For  utilization  of  the  system  with  the  floating  array,  two 
tracking  hydrophones  and  an  acoustic  projector  are  supplied  as 
part  of  the  ATS  and  serve  as  inputs  in  place  of  the  AUTEC  tracking 
hydrophones.  Output  connections  remain  identical  to  those  for 
AUTEC. 

B.  SUBMARINE  (TEST  VEHICLE) 

ATS  equipment  (Fig  5)  required  to  be  installed  on  the  submarine 
consists  of  three  pieces  of  electronic  gear  and  two  acoustic  trans¬ 
ducers  mounted  external  to  the  submarine.  The  electronic  gear 
consists  of  a  processor  housed  in  a  package  measuring  18  in. 
wide  X  56  in.  high  X  25  in.  deep.  Peripheral  gear  (consisting 
of  a  power  amplifier,  power  supply,  oscilloscope,  and  a  precision 
oscillator)  is  mounted  in  a  standard  size  relay  rack  measuring 
53  in-  high.  The  processor  equipment  can  be  broken  down  into 
three  parts  to  allow  easier  handling,  and  all  items  can  pass  through 
a  standard  submarine  hatch.  Hie  equipment  operates  on  110  v  ac  and 
requires  a  standard  a-c  outlet  capable  of  providing  10  amp.  A 
remote  display  unit  (Fig  6)  measuring  18  in.  wide  X  8  in.  high 


X  15  in.  deep  can  be  placed  upon  the  top  of  the  processor  equipment 
or  mounted  remote  to  the  processor  gear.  A  cable  9/l6  in.  in  diameter, 

130  ft  in  length,  and  containing  conductors  is  provided  for  opera¬ 
ting  the  display  remote  to  the  remaining  submarine  equipment.  It  Is 
suggested  that  the  remote  unit  be  placed  in  the  submarine  conning  tower 
since  it  presents  visual  data  to  assist  in  the  navigation  of  the  sub¬ 
marine  relative  to  the  AUTEC  array.  All  other  electronic  equipment 
can  probably  be  installed  in  the  forward  battery  compartment,  or  as  designa¬ 
ted  by  the  test  vehicle. 

Another  requirement  is  the  mounting  of  a  small  streamlined  fiber¬ 
glass  dome  (Figr  7,  Fig  8,  Fig  9,  Fig  10)  enclosing  two  transducers 
which  are  part  of  the  ATS.  The  dome  is  normally  supplied  by  the  Model 
Basin  and  should  be  placed  under  the  existing  sonar  dome  in  the  case 
of  conventional  fleet  submarines.  In  the  FBM  type  submarine,  a  desira¬ 
ble  location  is  the  underside  of  Ballast  Tank  1A.  It  is  necessary  to 
mount  the  dome  with  the  transducers  to  the  submarine  hull,  where  two 
hull  penetrations  are  required  to  accomodate  the  transducer  cables.  It 
is  preferable  to  drydock  the  submarine  to  permit  dome-transducer  attach¬ 
ments  although  the  installation  can  be  performed  by  divers.  The  mounting 
position  differs  depending  on  whether  the  AUTEC  array  or  floating  array 
is  to  be  utilized.  For  tests  with  the  AUTEC  array,  it  is  necessary  to 
mount  the  transducers  on  the  bottom  side  of  the  submarine  hull;  for 
tests  with  the  MONOB  floating  array  it  is  necessary  to  mount  the  trans¬ 
ducer  topside.  A  decision  as  to  the  exact  location  of  dome  mounting 
will  be  made  at  time  of  drydocking  depending  on  what  array  will  be 
utilized. 
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Installation  of  the  remote  display  cable  extending  from  the  conning 
tower  to  the  location  of  the  other  test  gear  Is  normally  required 
while  the  test  vehicle  Is  In  port.  Another  cable  (l/4  In.  In  diameter, 
single  conductor  shielded  cable)  must  be  Installed  between  the  FM 
transceivers  (installed  by  the  Model  Basin  for  communication  purposes) 
and  the  submarine  processor,  nils  cable  is  required  to  enable  the 
real  time  clock  In  the  submarine  processor  to  be  phase  calibrated  via 
FM  radio  link  with  an  equivalent  clock  on  MONOB. 

IV.  OPERATIONftLUSE  CF  THE  ACOUSTIC  TRACKING  SYSTEM 
In  order  to  familiarize  personnel  with  the  operational  use  of  the 
ATS,  which  is  part  of  the  AUTEC  System  for  measuring  the  radiated  noise 
of  submarines,  the  following  tentative  operational  procedures  have  been 
formulated.  It  is  anticipated  that  many  changes  will  occur  before 
sufficient  experience  has  been  accumulated  through  actual  trials 
to  evolve  an  optimum  procedure. 

The  following  sequence  of  actions  and  procedures  are  considered 
necessary  for  any  submarine  noise  trial  utilizing  the  ATS  as  part  of 
noise  measurement  trials. 

A.  ATS  EQUIPMENT  INSTALLATION  REQUIRED  PRIOR  TO  CONDUCT  OF  FIELD  TRIAL 
All  equipment  on  MONOB  described  in  Section  III.  A.  is  considered 
as  part  of  the  permanent  installation  aboard  MONOB.  After  scheduling 
a  specific  submarine  for  an  AUTEC  sound  trial  and  prior  to  the  actual 
test,  a  drydocking  of  the  submarine  is  required  for  installation  of 
the  ATS  acoustic  transducers  enclosed  in  a  small  streamlined  dome 
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external  to  the  submarine  hull  Including  the  necessary  cabling.  In 
certain  cases  mounting  of  the  dome  Is  required  topside  of  the  subma¬ 
rine,  wherein  drydocking  is  not  necessary.  All  equipment  described 
in  Section  III.  B.  will  be  Installed  whenever  practicable  prior  to 
arrival  of  the  test  vehicle  at  the  test  site. 

1.  Installation  of  two  cables  (to  be  supplied)  which  are  part 
of  the  projector  and  hydrophone  must  pass  through  the  pressure  hull 
to  the  ATS  electronic  equipment  inside  the  submarine.  If  possible, 
all  ATS  equipment  must  be  installed  on  the  submarines  prior  to  the 
test,  while  the  submarine  is  in  drydock,  with  the  exception  of  the 
precision  oscillator  which  will  be  installed  at  the  test  site.  Should 
a  great  lapse  of  time  between  drydocking  and  actual  acoustic  trials 
occur,  then  it  is  suggested  that  only  the  cables  and  dome  be  installed 
at  the  drydocking.  The  electronic  computer  and  associated  equipments 
could  then  be  installed  alongside  a  pier  prior  to  trial  time.  After 
the  equipment  is  installed,  it  should  be  checked  out  insofar  as 
practicable  in  order  to  insure  proper  operation. 

B.  CALIBRATION  AND  CHECKOUT  PROCEDURES  REQUIRED  AT  TEST  SITE 
IMMEDIATELY  PRIOR  TO  START  OF  TRIAL 

To  insure  proper  system  operation,  the  following  procedures  are 
recommended. 

1.  ATS  (MONOB)  Checkout 

The  checkout  of  the  ATS  equipment  aboard  MONOB  can  be  initiated 
at  any  time  independent  of  submarine  operation.  After  power  is  turned 
on  and  the  equipment  allowed  to  warm  up,  a  temperature  light  on  the 
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computer  Indicates  when  the  core  memory  operating  temperature  has  been 
reached  and  stabilized.  The  coded  program  on  paper  tape  must  be  loaded 
and  verified.  The  desired  parameters  for  each  run  are  entered  in  deci¬ 
mal  form  into  the  computer  by  means  of  five  (5)  BCD  rotary  switches 
which  appear  on  the  system  console.  The  switch  at  the  extreme  left 
serves  as  identification  of  the  particular  parameter  which  is  inserted. 
The  program  reads  the  switches,  determines  which  parameter  is  being 
entered,  converts  it  to  its  binary  equivalent,  and  adjusts  it  to  its 
proper  dimensions  of  scaling.  When  this  is  completed,  the  system  is 
ready  for  checkout.  System  checkout  utilizes  a  simulation  tape 
previously  prepared  and  played  back  on  a  magnetic  tape  recorder.  Three 
channels  of  the  tape  recorder  are  connected  as  inputs  to  three  hydro¬ 
phone  channels  of  the  ATS.  ThiB  tape  utilizes  prerecorded  pulses  pro¬ 
perly  spaced  in  time  to  simulate  target  vehicle  moving  past  the  array 
on  a  pre-determined  track.  Three  tapes  are  available  to  simulate  a 
4-knot  rectangular  course,  a  high-speed  rectangular  course,  and 
an  8-knot  elliptical  course  about  the  array.  Any  one  of  the  tapes  can 
be  utilized  to  exercise  the  system.  A  complete  checkout  of  the 
system  including  the  acoustic  equipment,  system  communication,  and 
system  phase  calibration  can  be  accomplished  only  in  a  total  system 
checkout  which  requires  the  use  of  the  equipment  installed  on  the 
target  submarine  in  addition  to  the  equipment  carried  on  MONOB  I. 

2.  ATS  (Submarine)  Equipment  Checkout 

During  the  checkout  of  the  equipment  installed  on  the 
submarine,  the  submarine  will  be  requested  to  drift  while  on  the 
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surface  within  a  radius  of  2000  yd  of  the  AUTEC  array.  The  checkout 
will  include  insuring  that  the  25-kc  projector,  the  communication 
hydrophone,  and  the  associated  electronic  equipment  are  operational. 
Radio  voice  communication  will  be  checked  out  to  insure  proper 
coordination  with  MONOB. 

3.  System  Calibration  and  Checkout 

System  calibration  and  checkout  requires  the  utilization  of  both 
the  MONOB  and  submarine  ATS  equipment.  During  this  phase,  the  submarine 
will  be  requested  to  operate  on  the  surface  at  a  speed  of  5  knots  in 
a  rectangular  course  about  the  array  at  a  range  between  1000  and  2000 
yd.  The  system  checkout  will  consist  of  the  following  modes  of  opera¬ 
tion: 

a.  Phase  calibration  consists  of  pinging  via  the  FM  transceiver 
radio  link  at  the  selected  ping  rate.  The  ping  is  received  aboard 
MONOB  and  applied  to  the  ATS  System  which  utilizes  the  radio  ping  to 
calibrate  the  phase  of  its  real-time  clock  with  that  of  the  submarine. 

It  is  necessary  to  perform  or  check  phase  calibration  at  least  once 
per  day.  The  program  always  enters  the  phase  test  mode  upon  completion 
of  this  mode. 

b.  Phase  calibration  test  is  a  separate  mode  that  the  program 
enters  into  after  every  phase  calibration.  Once  the  phase  calibration 
has  been  performed,  subsequent  radio  pings  are  used  to  check  the  accu¬ 
racy  of  the  calibration  and  indicate  either  a  good  or  bad  calibration 
by  means  of  a  typeout  on  the  typewriter.  A  test  of  phase  calibration 
can  be  performed  at  any  time;  however,  it  will  be  necessary  for  the 
submarine  to  be  on  the  surface  for  its  performance. 
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c.  The  insert  mode  follows.  This  is  used  to  enter  into  the 


computer  those  quantities  which  will  vary  from  one  run  to  another. 

These  quantities  include  depth  of  submarine,  speed  of  sound,  length 
of  the  passive  zone,  and  desired  closest  point  of  approach  to  the 
array. 

C.  SYSTEM  OPERATION 

The  system  operation  is  divided  into  two  parts;  prerun  mode  and 
run  mode. 

1.  Prerun  Mode 

The  prerun  mode  is  that  mode  of  system  operation  which  would 
customarily  be  utilized  when  the  submarine  is  navigating  into  position 
to  begin  a  run  past  the  array  or  throughout  any  run  for  which  no  passive 
zone  is  required.  During  this  mode,  the  submarine  is  tracked  and 
navigation  data  are  transmitted  to  aid  in  guiding  it  on  the  desired 
track. 

2.  Run  Mode 

The  run  mode  differs  from  the  prerun  mode  in  that  it  will  contain 
a  passive  or  noise-measuring  zone.  During  this  time,  the  tracking 
pinger  will  be  automatically  quieted  and  communication  data  will  cease 
until  the  test  vessel  leaves  the  passive  zone. 

Normally,  the  track  which  the  submarine  is  requested  to  follow  is 
along  a  line  perpendicular  to  the  axis  of  the  tracking  arm 
of  the  array  (A. 2  Appendix  A).  The  angle  between  the  tracking  arm 
and  true  north  is ‘inserted  so  that  the  desired  track  is  always  perpen- 
dicular  to  the  arm  and  so  that  the  ATS  indicates  TRUE  submarine  bearings. 
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When  the  submarine  is  in  position  to  begin  a  run  past  the  array, 
a  desired  speed,  depth  and  closest  point  of  approach  to  the  array  will 
be  transmitted  to  the  test  vessel  by  voice  communications  or  by  designs' 
tion  of  a  run  number  for  which  the  above  parameters  have  been  defined 
(Fig  ll).  With  the  run  underway,  the  test  director  aboard  MONOB  will 
be  in  a  position  to  follow  the  course  of  the  test  vessel  on  an  X-Y 
plotter.  IXiring  the  active  part  of  the  tracking  run,  range  and  true 
bearing  information  will  be  displayed  in  "Nixie"  lights  at  the  remote 
display  console  on  the  submarine.  Track  deviation  to  the  left  or 
fight  of  the  desired  course  will  be  indicated  in  yards  on  a  track  error 
meter  also  located  on  the  remote  display  console.  The  navigation 
communication  is  automatically  transmitted  by  the  computer  via  the 
UQC  mounted  on  the  array  and  received  by  the  ATS  communication  receiver 
mounted  in  the  ATS  dome  on  the  submarine.* 

At  the  conclusion  of  each  run,  any  parameter  changes  can  be 
inserted  while  the  submarine  is  turning  for  the  next  run.  Insertion 
of  parameters  into  the  computer  requires  that  communication  data  be 
stopped  for  approximately  1  min. 

*MONOB  computer  informs  submarine  via  communications  link  when  track¬ 
ing  ping  is  missed.  Submarine  remote  console  indicates  stale  informa¬ 
tion,  holdB  subject  information  until  next  valid  ping  is  received, 
processed  and  acted  upon.  A  valid  ping  is  one  which  falls  within  a 
"window"  of  X  &  Y  parameters  which  in  turn  are  controlled  by  the 
Inserted  run  quantities  and  program.  This  feature  greatly  increases 
the  system  immunity  to  man-made  and  ambient  random  pulses  thus 
insuring  the  presentation  of  valid  information. 


1 

Periscope 

5 

Battery 

Bow-Stern 

2 

Snorkel 

5 

Diesel 

Run  all  Engines 
and  Charge  Bat¬ 
teries 

II  II 

3 

It 

10 

II 

Beam 

4 

200' 

5 

Battery 

5 

t» 

10 

ft 

6 

•I 

Max 

It 

Go  to  Max 

Speed  at  500 
yards 

Beam 

7 

Max 

10 

•1 

8 

II 

Max 

If 

Go  to  Max 

Speed  at  500 
yards 

Bow-Stern 

FIGURE  11  -  TYPICAL  AGENDA  -  DIESEL  SUBMARINE 


27 


V.  OPERATING  PROCEDURES 


At  the  time  this  report  was  written,  the  AUTEC  Acoustic  Array  was 
under  development;  it  had  been  used  only  during  short  checkout  and 
calibration  tests.  Prior  to  employing  this  array  for  actual  trials,  system 
characteristics  and  trial  procedures  must  be  developed  to  protect  both 
the  submarine  and  the  rather  expensive  array.  However,  an  attempt  was 
made  (see  Trial  Results  below)  to  establish  certain  basic  criteria  in 
operational  techniques  with  the  array. 

Based  on  these  studies,  the  following  procedural  recommendations  are 
offered:  It  is  requested  that  the  submarine  always  pass  the  array  on 
the  deep-water  side  (eastward)  and  always  attempt  to  turn  away  from  the 
array  in  the  event  of  a  terminated  run  or  an  emergency. 

It  is  suggested  that  several  orientation  runs  at  periscope  depth 
and  at  various  speeds  be  made  past  the  array  in  order  to  compare  DRT 
plots,  sonar  information,  and  actual  surface  navigation  with  the  proposed 
tracks.  A  systems  (ranging)  checkout  should  be  undertaken  during  these 
runs  in  order  to  determine  the  effects  of  the  existing  water  currents 
on  the  position  of  the  array  and  on  the  orientation  of  the  tracking  arm. 

The  Model  Basin  Trial  Director  will  normally  announce  the  type  of 
run  as  well  as  the  run  number  for  performance  of  acoustic  runs.  Generally 
the  two  basic  types  are  bow- stern  and  beam.  The  information  Indicated  below 
has  been  successfully  used  in  trial  conduct  but  it  is  envisioned  these 
CPA  parameters  for  bow  stern  runs  will  change.  This  will  be  reflected  in 
the  appropriate  agenda. 
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(1)  In  performing  bow- stem  runs,  the  submarine  will  close  range 
from  1000  yd,  pass  the  hydrophone  array  at  50  yd,  and  open  range  to 
1000  yd.  Radio  or  voice  UQC  transmissions  should  be  held  to  a  minimum 
between  500  yd  approaching  and  500  yd  opening.  Throughout  this  interval, 
the  course  is  to  be  followed  as  accurately  as  possible  and  rudder  angles 
are  to  be  kept  as  small  as  practicable. 

(2)  In  performing  the  beam  aspect  runs,  the  submarine  will  start 
the  acoustic  portion  of  the  runs  at  +  1+0  deg  from  the  center  bearing 
(090  or  270  deg)  and  pass  the  array  with  a  CPA  range  of  200- 3Q0  yd. 

Radio  or  voice  UQC  transmissions  should  be  held  to  a  minimum.  For 
both  these  type  runs,  constant  speed,  course  and  machinery  conditions 
are  required.  Noise  recordings  will  be  made  commencing  at  1000-yd 
range  closing  and  through  CPA  to  1000-yd  opening. 

Straight-course  runs  of  the  bow- stern  (50  yd  CPA)  and  200  yd 
beam  aspect  type  have  provided  submarine  noise  measurements  that  are  con¬ 
sidered  especially  valuable.  Normally  data  are  analyzed  at  a  range  of 
125  to  400  yd  from  CPA,  depending  on  sea  state  and  the  machinery  bill. 

The  detectability  of  many  acoustic  sources  changes  with  aspect  angle,  and 
for  this  reason  it  is  necessary  to  have  a  means  of  obtaining  bow,  stern,  and 
beam  aspect  data  separately. 

For  identifying  certain  very  troublesome  noise  sources,  runs  at  various 
speeds  and  depths  are  practically  indispensible  and  are  to  be  conducted  in 
conjunction  with  the  AUTEC  array.  The  prescribed  course  is  circular,  and  the 
range  to  the  array  should  be  less  than  500  yd*.  Range  control  for  this  run 
is  not  important,  provided  the  submarine  remains  within  a  500-yd  radius. 

Source  strength  is  not  measured  for  these  runs. 

•Obviously,  during  circular  runs,  there  is  no  objection  to  the  submarine  passing 
Inshore  of  the  array.  There  is  an  adequate  extent  of  deep  water  for  this  purpose. 
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Hovering  runs  are  still  required  to  supplement  overside  data 
obtained  from  builders  trials.  Present  plans  are  to  measure  the  noise 
from  auxiliary  machinery  vith  the  submarine  drifting  150-250  yd  from 
the  point,  maintaining  a  position  immediately  above  the  array  by 
intermittent  use  of  the  main  engines  at  very  low  rpm.  Measurements 
are  discontinued  while  the  position  of  the  submarine  is  being  corrected. 

VI.  LIMITED  TRIAL  RESULTS 

A  recent  on-site  checkout  test  with  a  Guppy  fleet  vessel  resulted 
in  establishing  certain  operational  features  heretofore  not  available. 

Surface  runs  normally  initiated  each  day's  operation,  including 
FM  phase  calibration  checks  of  the  ATS. 

During  checkout,  flooding  out  of  one  of  the  tracking  hydrophones 
made  it  necessary  to  use  a  spare  hydrophone,  which  reduced  the  tracking 
hydrophone  baseline  from  the  normal  ^0  ft  to  20  ft.  Under  this  condition 
the  following  was  noted : 

1.  Range  errors  did  not  exceed  25  yd  and  Improved  as  the  range 
to  the  array  was  closed.  A  preliminary  study  of  the  actual  system  error 
based  on  recorded  trial  data  has  been  conducted.  Examination  of  the 
theoretical  error  analysis  (as  per  IBM)  indicates  that  the  Rp  calculation 
is  more  accurate  than  the  y  calculation.  This  is  principally  due  to  Rp 
being  only  a  function  of  depth  and  total  travel  time  measurement,  two  of 
the  minor  error  contributors.  At  the  point  of  closest  approach  (x=o) 

Rp  and  y  should  be  equal.  Any  result  other  than  zero  for 
could  be  interpreted  as  predominantly  error  in  the  y  calculation.  Values 
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have  been  tabulated  since  the  sea  tests  and  comparison  against 
theoretical  errors  In  y  have  been  made.  An  average  error  In  y  was  deter¬ 
mined  to  be  75  feet.  Oils  result  compares  favorably  with  the  theory  which 
Indicates  that  theoretical  assumptions  selected  for  th^,  analysis  appear  to 
be  reasonable.  A  tentative  conclusion  may  be  drawn.  Actual  errors  In  x 
become  excessive  near  the  axis  and  consequently  difficulties  In  crossing 
the  axis  do  exist.  The  Importance  of  the  larger  baseline  Is  again  stressed. 
Much  of  the  problem  In  cropsing  the  y  axis  witnessed  on  the  test  would 
have  been  minimized  If  the  h6  foot  baseline  was  usable.  Investigations 
In  this  area  are  continuing  to  reduce  the  average  error  noted. 

2.  Bearing  error  for  typical  CPA  ranges  was  minimum  at  long 
ranges,  l.e. ,  1.5  deg  at  1000  yd,  approximately  1  deg  at  +1500  yd. 

This  provides  maximum  assistance  during  positioning  for  test  run. 

3.  Bearing  error  increased  as  range  to  the  array  closed  and 
exceeded  3  deg  at  ranges  less  than  300  yd.  This  Is  not  considered 
serious  because  the  test  vehicle  Is  well  committed  by  this  time  and 
should  be  able  to  maintain  proper  course  and  pass  the  array  properly 
and  safely. 

The  restoration  of  the  UO-ft  baseline  will  decrease  the  bearing 
error  markedly.  Although  it  will  not  decrease  the  range  error.  It  Is 
considered  necessary  to  Improve  the  margin  of  safety.  Additional  spare 
tracking  hydrophones,  arranged  to  provide  maximum  protection  for  the 
full  hO  ft  tracking  baseline  and  embodying  Improved  water-tight  Integrity, 
will  be  installed  on  the  array. 
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Array  active  beacons  and  sonar  reflectors  proved  effective  for 
guidance  purposes  out  to  12,000  yd,  and  it  is  suggested  that  these 
beacons  and  submarine  active  sonar  at  long  ranges  be  utilized  when 
repositioning  for  a  new  run.  The  ATS  can  then  be  resorted  to,  and 
reliance  given  when  the  test  vehicle  comes  into  its  operating  range 
(4000-5000  yd). 

Bearing  changes  of  the  tracking  arm  Eire  shown  (Figure  12).  These 
variations  were  available  in  true  bearing  through  the  use  of  a  flux 
gate  compass  mounted  on  one  end  of  the  tracking  arm,  with  readout 
available  in  the  laboratory  vessel.  As  bearings  were  read  periodically 
throughout  each  test  day  in  1962  and  1963,  the  ordinate  in  Figure  12 
(number  of  observations  at  each  bearing)  is  proportional  to  the  relative 
amount  of  time  the  tracking  arm  is  likely  to  spend  at  that  bearing. 

It  was  observed  that  the  orientation  of  the  tracking  arm  was  related  to 
tidal  changes  in  the  area.  This  can  be  considered  a  result  of  ocean 
semidiurnal  and  mixed  tides  and/or  currents.  Experiments  have  been 
conducted  which  suggest  the  vertical  hydrophone  array  has  little  or  no 
tilt  from  the  vertical  due  to  currents. 

Studies  are  being  undertaken  to  make  the  ATS  independent  of  radio 
link  for  phase  calibration.  Certain  difficulties  inherent  in  the  an¬ 
tenna  system  occasionally  result  in  unsatisfactory  communications  via 
FM  for  phase  calibration. 

It  has  been  recommended  by  the  Commanding  Officer  of  a  recent  test 
vehicle  that  a  "cutoff  point"  when  closing  the  array  be  established. 
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If  while  closing  the  array  within  the  quiet  zone,  the  ATS  computed 
track  error  was  towards  the  array  and  exceeded  the  cutoff  value, 
then  "turn  away"  would  follow  with  a  resultant  abortion  of  the  run. 
This  cutoff  value  so  established  would  be  a  function  of  speed,  depth, 
and  CPA  distance.  No  course  changes  would  normally  occur  in  this 
quiet  zone  except  in  emergencies. 

Constant  monitoring  and  plotting  both  on  the  test  vehicle  and 
MONOB  I  are  indicated  in  order  to  recommend  or  make  necessary  course 
changes,  including  turn  away  if  it  becomes  necessary. 

On  the  whole,  ATS  behaved  very  well  during  these  tests.  The 
difficulties  encountered  were  no  more  severe  than  would  normally 
be  expected  at  this  stage  of  the  development  process.  The  tracking 
accuracy  found  in  these  trials  is  adequate  for  acoustic  tests. 
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APPENDIX  A 


AUTEC  MATHEMATICS 

1.  Figure  A. 1  Geometry 

2.  Figure  A.  2  Straight  Track 

3*  Figure  A.  3  Straight  Skewed  Track* 

4.  Figure  A.U  Circular  Track* 

5.  Figure  A. 5  Figure  Eight  Track* 

6.  List  of  Variables 

7.  List  of  Constants 

8.  List  of  Insert  Quantities 

9.  Inputs  to  Acoustic  Tracking  System 

10.  Formulae 


*A  non  standard  type  of  track  requiring  modified  mathematics. 
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Appendix  A 


CIRCULAR  TRACK 


Figure  A*  .4 
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Appendix  A 


Wo. 

Symbol 

LIST  OF  VARIABLES 

Name 

1 

TA 

Travel  Time  Sub  to  Hydrophone  A 

2 

~Ta 

Travel  Time  Sub  to  Hydrophone  B 

3 

Travel  Time  Sub  to  Hydrophone  C 

4 

Range  Sub  to  Hydrophone  A 

5 

A 

Range  Sub  to  Hydrophone  B 

6 

< 

Range  Sub  to  Hydrophone  C 

7 

Slant  Range 

8 

Horizontal  Range 

9 

<S> 

Sub  Bearing  Angle 

10 

X 

Sub  X Coordinate 

11 

Sub  u.  Coordinate 

0 

12 

Sub  ^Coordinate 

13 

3* 

Array  Depth  Below  Surface 

14 

Sub  Depth  Below  Surface 

15 

«+ 

Sign  of  X 

16 

* 

Time  Rate  of  Change  of  X 

17 

t 

Time  Rate  of  Change  of  ^ 

18 

Array  Bearing  Angle  From  Sub  Velocity  Vector 

19 

£ 

Lateral  Deviation 

20 

% 

£ 

Time  Rate  of  Change  of  Lateral  Deviation 

21 

z> — 

Guidance  Signal 

22 

rv 

Sign  of  J  =  -5 ore- 

23 

& 

Range  of  Sub  Along  Track 
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LIST  OF  VARIABLES  (Continued) 


No. 

Symbol 

Name 

24 

Time  Rate  of  Change  of  Sub  Along  Track 

25 

y, 

Integer  Count  to  Passive  Zone 

2 6 

Exact  Count  to  Passive  Zone 

27 

AT 

Integer  Count  to  Ping  of  Closest  Approach 

28 

Exact  Count  to  Ping  of  Closest  Approach 

29 

Remainder  of 

30. 

Rate  of  Change  of  Horizontal  Range 

31 

Rate  of  Change  of  Array  Bearing  Angle 

32 

* 

Slant  Range  to  Hydrophone  1 

33 

< 

Slant  Range  to  Hydrophone  2 

34 

Slant  Range  to  Hydrophone  3 

35 

Slant  Range  to  Hydrophone  4 

36 

£ 

Slant  Range  to  Hydrophone  5 

37 

Travel  Time  to  Hydrophone  1 

38 

Travel  Time  to  Hyd rophone  2 

39 

Travel  Time  to  Hydrophone  3 

ko 

-T+ 

Travel  Time  to  Hydrophone  4 

4l 

7? 

Travel  Time  to  Hydrophone  5 

42 

Horizontal  Range  From  Coordinates  (a,b) 

43 

Rate  of  Change  of  Horizontal  Range 

From  Coordinates  (a,b) 

44 

*. _ 

X  Coordinate  of  Figure  Eight  Circle  Origin 

45 

i 

Y  Coordinate  of  Figure  Eight  Circle  Origin 

Appendix  A 

LIST  OF  VARIABLES  (Continued) 


No. 

Symbol 

Name 

46 

C 

Radius  of  Figure  Eight  Circle 

47 

(9* 

Sub  Bearing  From  Coordinates  (a,  b) 

48 

6' 

Rate  of  Change  of  Sub  Bearing  From  Coordinates 
(a,  b) 

44 
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LIST  OF  CONSTANTS 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 


Symbol 

a 

«/> 

4. 


Name 

Speed  of  Sound 
Smoothing  Constant 
Ping  Period,  /}=  1,  2  and  4 
Track  Angle 
Track  Distance 
Passive  Zone  Angle 
Passive  Zone  Distance 
Proportional  Constant 
Rate  Constant 

Distance  Between  Hydrophone  A  and  Hydrophone  B 
Distance  Between  Hydrophone  C  and  Origin 
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Wo. 

Inputs 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 


LIST  OF  INSERT  QUANTITIES 


Symbol 


Name 


a 

n 

/- 

zJ 


Spare 

Spare 

Spare 

Spare 


Speed  of  Sound 

Track  Angle 

Track  Distance 

Passive  Zone  Angle 

Depth  of  Sub  Below  Surface 

X  Coordinate  of  Figure  Eight 
Circle  Origin 

Ping  Period,  «  1,  2  and  4 

Sign  of  X 


46 
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XWRJTB 

TO  ACOUSTIC  TRACKING  SYSTEM 

Wo. 

Symbol 

Name 

1 

~Ta 

Travel  Time  Hydrophone  A 

2 

Ta 

Travel  Time  Hydrophone  B 

3 

Travel  Time  Hydrophone  C 

71 

k 

Travel  Time  Hydrophone  1 

5 

77 

Travel  Time  Hydrophone  2 

6 

71 

Travel  Time  Hydrophone  3 

Tj 

7 

Travel  Time  Hydrophone  4 

8 

Travel  Time  Hydrophone  5 

*Total  of  five  noise  hydrophones  in  any  order  may  be  selected  from  total 
number  of  noise  hydrophones  available  on  array  in  use. 
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D/A  OUTPUTS 

No.  Symbol  Equipment 

Name 


1 

X 

Plotter 

2 

£ 

Plotter 

3 

Tape 

4 

9 

Tape 

5 

4 

Comm. 

6 

4 

Comm. 

7 

cr~ 

Comm. 

8 

V 

Comm. 

9 

Comm. 

10 

4 

Tape 

11 

4 

Tape 

12 

< 

Tape 

13 

4 

Tape 

14 

4 

Tape 
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No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 


Note: 

a.  1-6  on  Insert 

b.  7-12  on  Request 


TYPEOUT 


Name 

Speed  of  Sound 

Track  Angle 

Track  Distance 

Passive  Zone  Angle 

Depth  of  Array  Below  Surface 

Depth  of  Sub  Below  Surface 

Slant  Range 

Range  to  Hydrophone  1 

Range  to  Hydrophone  2 

Range  to  Hydrophone  3 

Range  to  Hydrophone  4 

Range  to  Hydrophone  5 

Sub  Bearing  Angle 

X  Coordinate  of  Figure  Eight  Circle 
Origin 
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Appendix  A 
FORMULAE  (Continued) 


b. 


Circular  Track 

^  *  oh  * 


4, 


9  • 


L) 


C. 


is* 

Figure  Eight  Track 


(1)  Casel:  /x/f 

?  X  Co*  r)  *•  m  sin 
A  - _ ,  .  »•  . 


I-  L. 


fi(  >  V  cos  s,r>  *7 

) 

(2)  Csss  2: 

^  « L  /sin  >j 

/£\  4.«.r.4.r 

t.iz&j&Ai 

£\  £/•  **  U 

c<>  »  n#  —  C. 

•  •  * 

/£' 

<Sj  -  X><f^  ) 


8.  Active-Passive  Zone  Control 


Case  1  -  Straight  and  Figure  Eight  Tracks 


% 

II 

HI 

^  nj. 

/t)*L 

*/V  ^ 

* 

M^*T 

t/,* 

< 

*& 

Case  2  -  Circular  Track 

H.  • 

r  A/'  (At*  A  ) 

o 
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INITIAL  DISTRIBUTION 


18 

CHBUSHIPS 

1 

COMSUBRON  6 

1  Tech  Lib  (Code  210L) 

1  Lab  MGT  (Code  320) 

1 

COMSUBRON  7 

1  Prelim  Des  (Code  420) 

1  Mach  Des  (Code  430) 

1 

COMSUBRON  10 

1  Mach  Sci  &  Res  (Code  436) 

1  Hull  Des  (Code  440) 

1 

COMSUBRON  14 

1  Sub  Br  (Code  525) 

1  Mach  (Code  640) 

1 

CCrcUBRON  16 

1  Prop,  Shaft  &  Bear  (Code  644) 

1  Int  Comb  &  Gas  Turb  Eng  (Coda  645) 

1 

COMSUBRON  l4  REP  NLON 

1  Electron  (Code  670) 

1  Asst  for  Subs  (Code  688d) 

1 

COMSUBRON  16  REP  CHASN 

1  Surf  Ship  Sys  (Code  689c) 

1  Nucl  Prop  (Code  1500 ) 

2 

CHONR 

1  Sound  Ranges  &  Instr  (Code  375) 

1  Acoustics  Programs  (Code  468) 

3  Ship  Sil  (Code  345) 

1  Hud6on  Labs  (Code  466) 

6 

CN0 

1 

CO,  NAVSCOLMINWARFARE 

1  OP  31 

1  op  311 

1  op  312 

1 

SUPT,  NAVPGSCOL 

1  OP  312E 

1  OP  71 

1 

COM)PTEVFOR 

1  OP  92 

1 

CO,  SUBASE  PEARL 

1 

CINCLANTFLT 

1 

CO,  SUBASE  NLON 

1 

CINCPACFLT 

1 

COMOCEANSYSLANT 

1 

COMSUBLAHT 

1 

0  in  C,  NAVOCEANGRAPHIC  U 

1 

COMSUBPAC 

1 

CO,  USS  HUNLEY  (AS  31 ) 

1 

DEPCOMSUBLANT 

1 

CO,  USS  PROTEUS  (AS.  19) 

1 

COMAS  WFORLANT 

1 

CDR,  USNOTS,  PASADENA  (Code 

P-804 ) 

1 

COMAS  WFORPAC 

1 

CO  &  DIR,  USNMEL  (Code  900-B) 

1 

COMSUBDEVGRUTWO 

1 

CO  &  DIR,  NAVMINDEFLAB 

1 

COMSUBRON  1 

1 

CO  &  DIR,  USNEL 

1 

COMSUBRON  3 

1 

CDR,  USNOL 

1 

COMSUBRON  5 

1 

DIR,  USNRL 
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1  CO  &  DIR,  USNUSL 

1  CO,  USNAVAIREEVCEN,  Via:  BUWEPS  (RU) 

1  CO  &  DIR,  NAVTRABEVCEN 
1  CO,  USNUOS 
1  CHBUWEPS  (SP-001) 

1  CDR,  NAVSHIFYD  BSN 

1  CDR,  NAVSHIPYD  PUG  (Carr  Inlet  Acoustic  Range) 
1  CDR,  NAVSHIPYD  CHASN 

1  CDR,  NAVSHIPYD  LBEACH 

2  CDR,  NAVSHIPYD  MARE 

1  INDLAB 

1  CDR,  NAVSHIPYD  NORVA 

1  CO  &  DIR,  US  Naval  Applied  Science  Lab 
1  Cm,  NAVSHIPYD  PEARL 
1  CDR,  NAVSHIFYD  PHILA 
1  CDR,  NAVSHIPYD  PTSMH 
1  CDR,  NAVSHIFYD  SFRAN 
L  SUPSHIP,  Groton 
1  EB  Div,  Gen  Eyn  Corp 
1  SUPSHIP,  IJNS 
1  NNSB  &  DD  Co 
1  SUPSHIP,  Camden 
1  New  York  Shipbldg  Corp 
1  SUPSHIP,  Pascagoula 
1  Ingalls  Sblpbldg  Corp 
1  SUPSHIP,  Quincy 
1  Bethlohen  Steel  Co. 


1  ORL  (Mr.  Marboe) 

1  BUSHIPS  ProJ  Officer 
Bell  Tel  Labs 
Whippany,  N.  J. 
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